
1. AS13R INDUCED PLATE WAVES USING WAVJ;FORM  SllAPING  OPTICS ANI)
STRAIN SIiSNSING BY FlE31iROPTlCS  CROSS-SliNSITIV1’fY  EFFECT

Ricluml  O. Claus;’, Roberto Oscgucdai’ and Yoscph  Bar-CohcnC

a. F’iber & Elcctro-Optics  Research Center, Virginia Polytcch  lnstitutc  and State LJnivcrsity,
Blaeksburg,  Virginia 24061

b. FAST Center for Structural Integrity of Aerospace Systems, ‘1’bc LJnivcrsity of Texas at IJ1
Paso, Ill Paso, Texas 79968

c. .lct Propulsion laboratory, California ]nstitutc  of l’cchnology,  Pasadena, CA 91109

INTRODUCTION
Aircraft are being  used in service signi ficant]y longer than tbcir original dcsigrl life. This cost
driven measure, is subjecting aircraft structures to conditions that arc increasing the probability
of failure, particularly as a result of aging.  Aircraft that already endured a long service life of
more than 35 years arc now being considered for an additional scrvicc  of 45 more years. This
issue is long term usage is relevant to both military ad commercial aircraft and it is a well -
rccognizccl  fact. The 1988 failure of tbc Boeing aircraft that was operated by Aloha Airlines
bcigbtcncd  tl~c Icvcl  of attention of aircraft matlufacturers,  users and tbc Federal Aviation
Administration (FAA) to tbc issue of aging commercial aircraft. The increased usage of old
aircraft has added a great degree of urgency to the ongoing need for reliable and efficient NDI1
mctbods  for clctcction ad cbaractcrization  of flaws itl aircraft structures. Particularly, corrosion
detection with current  technology is time consuming, dcmancls great attention to details by tbc
inspectors aml, in many cases, requires a costly disassembly of the structure. ?’bc reliability of
the test results clcpcnds hcavil  y on the type of iilstrlllllclltatio]l that is used, tbc condition of the
instruments, the methods and environment under  which they arc used and above all, the
interpretation of the inspectors. While a large vat-icty of ND1i methods arc available for
inspection of aircraft structures, the speed of inspcclion,  the need for coupling,,  and other
constrains arc imposing limitations on the field LISC of such mctbods.

Recent  stdics with plate waves [1] and particular] y leaky 1,amb waves have shown effective
capabilities of quantitative evaluation of plate structures such as bonded  joints ad composite
materials. The usc of plate wave NDI; mctbods  allow the determination of the elastic properties
ofthc a(lhcsivc and the composite latnitlatcs  as well as to detect ad characterize flaws. Models
were developed assuming in the case of composite materials that they consist of transverse] y
isotropic layers [e. g., 1 -3]. Dispersion curves  (phase velocity as a function of tbc tbickncss x
f~C(jLICllCy)  arc lllCaSUrCd ad arc LISCd tO dCtCtIllitlC  tbC prOpCtliCS  by an illVCt’SiOIl  algOrihlll.

Generally, a homogeneous composite laminate with the symmetric axis parallel to the surfaces
supports tbc formation oft wo modes of propagation: symmetric ad antisymtmetric.  Tbc lowest
symmetric (extensional) and antisymmctrie  (flcxural)  modes arc the easiest to measure in an
ultrasonic cxpcrimcnt  and their velocity value arc used to dctcrminc  ccrtaitl material constants.
~Jnfortutlatcly,  the transmission of the ultrasotlic  signals for tbc leaky Lamb wave cxpcrimcnts
require tbc usc of water immersion or water injection through squirlcrs.  This water-coupling
requirement restricts the ticlcl  applicability of tbc method and is limits the number of constants
that can bc mcasurccl.  Particularly, the constant c// is difficult to dctcrminc  duc to need for a


